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ABSTRACT

Mosquitoes are responsible for the transmission of vectors of many dreadful diseases.
It carries the vectors like encephalitis virus, West Nile virus, yellow fever & lymphatic
filariasis. Mosquitoes show complete metamorphosis i.e. eggs, larva, pupa & adult. It is very
easy to control mosquitoes at the larval & pupal stages as the stages are aquatic while adults
are not easy to control as they are actively fly in the air. From many years ago we are trying
to control mosquitoes with the help of many chemical insecticides. But the increased use of
chemical pesticides causes harmful effects on the environment, human beings & insects
useful to mankind. Mosquitoes develop resistance to the chemical insecticide. Since now a
day eco-friendly approaches are made to control mosquito larvae by using plant extracts as an
alternative to chemical insecticides. Many plant species exhibited mosquitocidal, larvicidal &
pupicidal activity against the various species of mosquitoes at adult, larval & pupal stages
respectively. So many workers made the herbal extracts using different solvents and tested
them against different stages of various species of mosquitoes. Not only the plants but the
other animals as well as plants and animals from marine habitat are also used for controlling
the mosquito population. Many researchers work on various animals as well as marine life
which are used to control the mosquito population in the world. So in this research paper, we
will do a review on the use of the herbal extracts as well as the other biological agents used in
the mosquito control programs. The current state of knowledge on phytochemical sources and
their larvicidal activity, their mode of action in the Culex mosquito larvae, is summarized in
the present article. Hence, this review can give a clear idea of the use of herbal extracts
against mosquito vectors.
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INTRODUCTION

Mosquitoes are distributed worldwide except the places which are covered by ice.
They are distributed in tropical & subtropical regions of the world. Mosquitoes are likely to
transmit diseases from patient to healthy person. The transmission of diseases such as
Malaria, chikungunya, Dengue, Filariasis & Japanese encephalitis in more than 2/5" of the
world population[4]. To minimize such dreadful diseases, extensive research has been done

to control the mosquito population for few decades. The research was carried out in many
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fields like physiology, behavior science, ecology, systemic morphology, & disease
epidemiology etc. Now a day the research in genetics & molecular biology also contributed

to the mosquito control program [5].

Vector control programs face many problems because of the increased resistance to
synthetic insecticides. Alternative biological control measures including the introduction of
parasites, pathogens & predators are used to control mosquitoes. This biocontrol using
pathogens are generally done with microbial pathogens like Bacillus thuringenesis (Bti) &

Bacillus spaericus [6].

Plants are a rich source of alternative agents for the control of mosquitoes, as they
possess many bioactive chemicals. These bioactive chemicals act against a limited number of
species including specific target insects & are eco-friendly [1]. Traditionally plant-based
products have been used in human communities for many centuries for controlling different
insect pests. The majority of the secondary metabolites present in plants serve as defense
mechanisms against insect attacks. These bioactive chemicals act as insecticides, repellants,
growth inhibitors, molting hormones, antifeedants, juvenile hormone mimics as well as an
attractant. They are less toxic, delay the development of resistance & are easily
biodegradable[2]. Several plant extracts, as well as isolated compounds from different plant
families, have been evaluated for their promising larvicidal activities [3]. This study mainly

focused on the use of plant-based insecticides against mosquitoes.

Different extracts obtained from many plant parts like leaves, stem, roots, flowers &
seeds in their crude extracts have been used as a promising conventional larvicide. Deepak
Kumar et al. [7] studied the larvicidal activity of petroleum ether & N-butanol whole plant
extract of Cassia occidentalis against the Culex due to the presence of flavonoids, phenols,
glycosides & tannins. The estimated LC50 & LC90 values for Cassia occidentalis, petroleum
ether & ethyl N-butanol extracts were 98.4ppm & 173.8 ppm as well as 161.6 ppm &
230ppm respectively. Azadirachta indica constitutes the active compound like limonoids of
azadiractin, salannin, deacetylegedunin, gedunin, 17- hydroxyazadiradione &
deacetylenimbinthe. Alouani et al. [8] tested the extract of Azadirachta indica against the
fourth instar larvae of Culex pipens at the different concentrations which exhibited more the
85% larvicidal activity at 1ppm & LCso value was 0.50 ppm. Also, the extract showed an
increased larval duration of up to 19 days. From the study of Okigbo et al. [9] it is clearly
indicated that the petroleum ether extract of A. indica, was tested against the Culex sp. at
different concentration like 40, 35, 25 & 20% in which 100% larvicidal activity was observed
at 35 & 40% concentration with the LCsg values of 14.3ppm. Maragathavalli et al. [10] tested
the methanol & ethanol leaf extracts of A. indica against Ae. aegypti & Culex
quinquefasciatus. The methanolic extract of A. indica showed the 90 & 70 % mortality at
200mg/100ml & 150mg/100ml concentration against Ae. aegypti & Culex quinquefasciatus
respectively. The ethanolic extract of 4. indica shows 85 & 90% mortality at 200mg/100ml &
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120mg/100ml concentration against Ae. aegypti & Culex quinquefasciatus respectively.
Monzon et al. [11] reported that aqueous extract of L. domesticum showed larvicidal activity

against Ae. aegypti & Culex quinquefasciatus.

Using four different concentrations like 100, 200, 300 and 500 microgram /ml. Preeti
Sharma et al. [13] reported the disturbed metabolic activity of the Culex and Anopheles larva
after the treatment of A. amnua and Az. indica. Carbohydrate, total lipid and protein
estimation was done after the use of the petroleum ether and methanolic extracts of 4. annua
and Az. indica which indicate an alteration in the biochemical profiles of the Anopheles and
Culex larvae. Hira Amir et al. [14] reported the larvicidal activity of Parthenium
hysterophorus against Aedes aegypti. The stock solution of fresh and stored leaves was used
to prepare the different concentrations. Both the solutions were effective against the Aedes
aegypti but the concentrations made by fresh leaves were more effective as compared to
stored leaves. Mohd Shazad et al. [15] indicated the lethal and efficient sublethal effects of
extracts of O. scantum against A. aegypti. The extract showed the impact on the growth and
development of the fourth instar larvae and delayed larval development. The larva-pupa
intermediates and pupa-adult intermediates were also observed after the treatment of the

extract.

Selladurai Subarani et al. [16] stated that the extracts of C. roseus prepared with the
help of aqueous and methanolic solvents were used to control the Anopheles and Culex. The
medicinal plant, C. roseus showed larvicidal as well as pupicidal activity. B. Sai Shankar et
al. [17] worked on the local plants for checking their repellent activity against the
mosquitoes. Depending on the traditional knowledge, the 5 different local plants like
Azadirachta indica, Murraya koenigii, Ocimum tenuifloreum, Citrus medica and Ricinus
communis were checked for their repellent activity against mosquitoes. Kamraj et al. [18]
used the solvents like methanol, hexane, chloroform, acetone and ethyl acetate for preparing
the herbal extracts of Ocimum sanctum, Ocimum canum, Rhinacanthus nasutus and Citrus
sinensis to check larvicidal and repellent activity against the gram borer, malarial vector and
cotton leaf roller. The findings show that all the extracts used in the experiment were showed
larvicidal and repellant activity and are an eco-friendly method for controlling the different
insect pests including the mosquitoes. Choi et al. [19] tested the essential oils of different
plants like Lovender officinalis, R. officinalis, Eucalyptus globulus and T. vulgaris against
Culex pipiens and found all of them with good repellant activity. Bhagavan et al. [20] in their
study reported that Culex tritaeniorhynchus, Anopheles subpictus and Aphis gossypii can
control by using the extracts of O. canum, C. sinensis, Rhinacanthus nasutus and O. sanctum.
All these plants showed larvicidal and nymphicidal activity against the mosquito vector and
cotton pest. The larvicidal, pupicidal and ovicidal activities of the methanolic extracts were
more toxic than acetone extracts of Eranthemum roseum against A. stephensi. The larvicidal,

pupicidal and ovicidal activities of the methanolic and acetone extracts of Eranthemum
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roseum were studied by Elumalai et al. [21]. Zahir et al. [22] reported the adulticidal activity
of some seed extracts against 4. stephensi which includes the plants like Anisomeles
malabarica, R. communis, Tridex procumbens, E. hirta, O. basilicum, Solanum trilobatum

and seeds of Gloriosa superb.

Suganya et al. [23] reported the larvicidal activity of Leucas aspera with the solvent
leaf extracts and silver nanoparticles against the fourth instar larvae of Aedes aegypti, results
revealed that synthesized nanoparticles showed more larvicidal activity as compared to the
crude extract. Hence they said that the use of silver nanoparticles prepared can be controlled
effectively. Poophati et al. [24] checked the larvicidal activity of silver nanoparticles
synthesized from the aqueous leaf extract of A. indica against A. aegypti and Culex
quinquefaciatus. The nanoparticles prepared by neem were used to control the two species of
mosquitoes. Sivapriyajothi et al. [25] synthesized and characterized the silver nanoparticles
from the leaf extracts of L. aspera to find out its lethal concentration against first to fourth
instar larvae and pupae of Anopheles stephensi and Aedes aegypti. Santosh et al. [26] used
the silver nanoparticles and aqueous crude extracts of Annona muricata to study the larvicidal
activity against three mosquito species. Naik et al. [27] reported the larvicidal activity of
silver nanoparticles from the leaf extracts of Pongamia pinnata. Krishanappa et al. [28]
showed larvicidal, pupicidal and ovicidal activity due to ethanolic extracts of Gliricidia
sepium against third instar larvae of 4. stephensi. Thangarasu et al. [29] studied the larvicidal
and ovicidal activities of Clausena excavata against S. litura, C. quinquefaciatus, A. aegypti
and A. stephensi. Gaultheria oil showed larvicidal, pupicidal and repellent activities against
the first, second, third and fourth instar larvae and pupae of C. quinquefasciatus was reported
by Aruna et al. [30].

Krishanappa et al. [31] studied the larvicidal and repellent activity of methanolic
extracts of Adansonia digitata against A. stephensi. Phytochemicals like saponins, flavonoids,
steroids, tannins and anthraquinones from powdered C. mimosoides showed the larvicidal
effect on 4. gambiae. The plant extract showed the repellency against the adult A. gambiae
studied by Alayo MA [32]. Govindrajan and Sivakumar [33] reported the presence of
repellent activity of plants like Eclipta albo and A. paniculata against the adult A. stephensi
mosquitoes. 25 essential oils were tested for their larvicidal activity and knockdown effects
against the C. quinquefasciatus, A. aegypti and A. stephensi it was reported by Manimaran A.
et al. [34]. Mavundza et al. [35] observed the adulticidal activity in the dichloromethane
extract and ethanol extract of ten plants from South Africa which are used traditionally in
mosquito control. From their results, it was observed that the dichloromethane extracts and
ethanolic extract of leaves of Aloe ferox leaves showed the highest mosquito mortality. Jang
et al. [36] reported more than 90% mortality in Aedes aegypti and Culex pipiens when
exposed to methanolic extracts of C. tora, Cassia obtusifolia and Vicia tetrassperma. The
concentration of extracts was 200 ppm at which the larvae showed the 90% mortality.

Volume VI, Issue Il (February 2021) Page 159



@A Cosmos Multidisciplinary Research E-Journal Online Available at www.cmij.in

Recognized International Peer Reviewed Journal Impact Factor 4.94 ISSN No. 2456-1665

Ramar et al. [37] reported the use of various concentrations of different essential oils
of Pimpinella anisum, A. calamus, Citrus limon, C. sinensis, C. nardus, Cinnamomum verum,
T. vulgaris, O. sanctum, Vetiveria zizaniodes and Myrtus caryophyllus against the Culex
quinquefaciatus. All the said oils showed ovicidal activity and oviposition responses were
also recorded. The essential oils of aniseed, clove and cinnamom showed the highest ovicidal
activity against the Culex quinquefaciatus. El-Akhal et al. [38] analyzed the essential oil of
O. majorana by GC-MS for finding chemical compositions present in it. Many compounds
tested for their larvicidal activity showed the moderate larvicidal activity against Culex
pipens. In the study of Carvalho Kda et al. [39] essential oil of Croton tetradenius showed
insecticidal activity against the larva of 4. aegypti. Larvicidal effect of Lawsonia inermis on
early and late larval stages of A. stephensi was reported by Bakhshi et al. [40]. Reeegan et al.
[41] reported methanol, ethyl acetate and hexane leaves extract of S. indicus, A. marmelos, L.
acidissima, Sphaeranthus amaranthoides and C. odorata for its ovicidal and oviposition
deterrent activities against 4. Adegypti and C. quinquefasciatus. The results revealed that the
hexane extract of L. acidissima against the vector showed 100% oviposition deterrent while
five plant extracts showed significantly highest ovicidal activity. Essential oils extracted from
Tridex procumbens showed the repellency effect against the malarial vector was reported by
S. Rajkumar and A. Jebanesan [42]. M.A.Ansari et al. [43] reported the larvicidal activity of
essential oil from Mentha piperita against the third instar larvae of Culex quinquefaciatus,
Anopheles stephensi and Aedes aegypti. The result of their study state that Culex was most
susceptible as compared to the other two species of mosquitoes. The oil also showed adult

repellency.

F. Erler et al. [44] reported the adult repellency of females of Culex pipiens after the
application of essential oils from the seeds of Pimpinella anisum, Mentha piperita, Ocimum
basilicum, Laurus nobilis and FEucalyptus camaldulensis. The effects of leaf and seed
benzene, hexane, chloroform, ethyl acetate and methanol extract of Delonix elata on repellent
activity against Anopheles stephensi was tested and reported by Marimuthu Govindarajan et
al. [45]. In their study they reported the strength of the extract was responsible for the
repellent activity of the extract. The leaf and seed extracts showed 210 and 180 min
protection at 5.0 mg/cm” respectively since the crude extract of D. elata exhibit the potential
for controlling Anopheles stephensi. Kalimuthu kovendan et al. [46] for the first time reported
the ovicidal, adulticidal and repellent activity of Acalypha alnifolia against malaria, filarial
and dengue vector. Duraisamy Amerasan et al. [47] reported that Cassia tora showed
repellent and adulticidal property against three mosquito vectors. Abdallah F Traboulsi et al.
[48] used oils from leaves and flowers of aromatic plant extracts against the 4™ instar larvae
of Culex pipiens to determine their insecticidal activities. The extracts showed the toxicity,

extracts of Myrtus communis were most toxic followed by Origanum syriacum L., Mentha
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microcorphylla Koach, Pistacia lentiscus L and Lavandula stoechas. Eight out of twenty

components of essential oil were showed the insecticidal property against the larvae.

Rattanam AhbiRami et al. [49] reported the larvicidal efficacy of different extracts of
the plant parts of Ipomoea cairica using solvents like acetone and methanol against 3 instar
larvae of Aedes albopictus and Aedes aegypti. They concluded that I. cairica extract posses
larvicidal potential for a more eco-friendly control program of Aedes mosquitoes. Roark RC
[50] stated that approximately 1200 plants having insecticidal property. Sukumar et al. [51]
reported the presence of mosquitocidal properties in 344 plants. Sarita Kumar et al. [52] in
their study evaluated that hexane and petroleum ether extracts of roots of N. jatamansi
showed the larvicidal effect against the early 4™ instar larvae of Aedes aegypti. The result
showed the highest toxicity of petroleum ether root extracts as compared to the hexane root

extracts.

Aksorn Chantawee and Mayura Soonwera [53] evaluated efficacies of essential oils of
four plants as a larvicide, pupicide and oviposition deterrent activity against Aedes aegypti. In
their experiment, they used rhizome of Alpinia galangal, fruits of Foeniculum vulgare,
Anthum graveolens and Pimpinella anisum for the preparation of extracts. Among all the
extracts Anthum graveolens showed the highest larvicidal activity. Anthum graveolens oil did
not only act as a larvicide but it was also acting as a pupicide and oviposition deterrent agent
was stated by Aksorn Chantawee and Mayura Soonwera[53]. S. Arivoli and Samuel
Tennyson [54] evaluated the larvicidal activity of crude leaf extracts of Abutilon indicum as
well as it was responsible for pupal deformities and adult emergence inhibition activity
against Culex quinquefasciatus, Aedes aegypti and Anopheles stephensi. The extracts were
helpful for arresting the larval and pupal development resulting in the decreased pupal
transformation and adult emergence, larval-pupal and pupal-adult intermediates were

recorded with increased developmental periods.

Jazem A Mahyoub [55] studied the effect of three seaweed extracts sea grass
Thalassia hemprichii, gray Mangrove Avicennia marina and Sea lettuce Ulva lactuca against
4™ instar larvae of Anopheles dthali. Out of the three Avicennia marina proved to be more
effective to inhibit the emergence of adult mosquitoes survived from larval treatment,
followed by Thalassia hemprichii and Ulva lactuca. Though all these three seaweeds act as a
larvicide against the Anopheles dthali but they were safe for the aquatic nontarget organisms
prevailing in mosquito breeding sites.

The larvicidal effects of the extract of Azolla pinnata against 4™ instar larvae of Aedes
was reported by Rajiv Ravi et al. [56]. In their study they used two different methods of
extraction, Soxhlet extraction which is more effective over maceration extraction method.
They also reported that the extracts were nontoxic in the case of nontarget organisms like
guppy fish. M.S. Mohamed Jaabir et al. [57] demonstrated that the coelomic fluid of Eudrilus
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eugeniae had the larvicidal property which was used to control the Anopheles mosquito
vector species. Coelomic fluid not only affects the growth and development of the larvae but
it also affects abnormalities in the movement of the larvae. Robert R. Jackson and Fiona R.
Cross [58] stated that two spider species that naturally feeds on mosquitoes may use as a
predator to control the malarial vector. The researchers also stated that the use of spiders in
mosquito control programs is a very innovative idea. Jazem A. Mahyoub et al. [59] evaluated
some marine extracts against Aedes aegypti and reported that the ethanolic extract of sea
grass T. hemprichii is less effective as compare to the ethanolic extract of the sea cucumber
H. atra as an insecticide. Chinnasamy et al. [60] in their study focused on the evaluation of
mosquito larvicidal efficacy of metabolites of several Indigenous fungal isolates like
Aspergillus niger, Penicillium species, Rhizopus sp., Aspergillus flavus, Mucor sp.,
Aspergillus parasiticus and Aspergillus sp. on the larvae of Aedes aegypti and Culex
quinquefasciatus under laboratory condition. Penicillium species show a better larvicidal
effect as compared to other fungi. Larvicidal activity of mycelial ethyl Acetate extract of
Penicillium species was checked against 1% to 4™ instar larvae of Aedes aegypti and Culex
quinquefasciatus.

Conclusion

Ecological safety is considered to be of the highest concern today. In order to be
appropriate, an insecticide does not need to cause raised mortality in target species but should
be eco-friendly in nature. Phytochemicals can also be used in parts of the world as they
would be relatively safe, inexpensive and readily available. Several plants in many parts of
the world are used traditional medicines for larvicidal mosquito activities. In addition to the
phytochemicals, several other species have also been included in the program for mosquito
control. In order to reduce the vector population and the severity of epidemiology, synergetic
approaches such as the application of mosquito predators with botanical blends and microbial

pesticides would provide a better impact.
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